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ABSTRACT 


Ability  to  identify  red  spruce , Ficea  rubens , and  Fraser  fir , Abies 
fraseri,  on  large  scale  color  infrared  (CIR)  aerial  photos  was  evaluated  for  a 
site  on  Roan  Mountain , a high  peak  on  the  Forth  Carolina-Tennessee  border. 
Overall  classification  accuracy  for  two  experienced  photo  interpreters  and 
several  combinations  of  crown  closure , photo  scale , and  IR  balance  was  72.1 
percent.  Classification  accuracies  varied  slightly  by  crown  closure , photo 
scale,  and  IR  balance,  but  differences  were  not  statistically  significant 
(p=0.10).  Red  spruce  and  Fraser  fir  were  also  classified  into  two  condition 
classes ; healthy  and  "declining" , on  1:2000  scale  CIR  photos,  with  60  percent 
accuracy.  Characteristics  used  to  separate  the  two  species  and  classify  them 
into  condition  classes  are  described. 


INTRODUCTION 


Recent  reports  of  decline  and  mortality  of  red  spruce,  Picea  rubens , in  the 
spruce-fir  forests  of  eastern  North  America  has  led  to  the  conduct  of  special 
inventories  to  determine  its  extent  and  probable  causes  (Weiss  and  others 
1985;  Mielke  and  others  1986).  Color  infrared  (CIR)  aerial  photography  has 
been  used  in  these  inventories  to  identify  vegetation  communities  with  a 


i_/The  authors  are  respectively,  Group  Leader,  Forest  Pest  Management/Methods 
Application  Group,  Fort  Collins,  CO;  formerly  Biological  Technician,  Doraville 
Field  Office,  Forest  Pest  Management,  Southern  Region,  Doraville,  GA, 
presently  retired  and  residing  in  Albuquerque,  NM;  Operations  Research 
Analyst,  Forest  Pest  Management/Methods  Application  Group,  Fort  Collins,  CO; 
and  Supervisory  Entomologist,  Doraville  Field  Office,  Forest  Pest  Management, 
Southern  Region,  Doraville,  GA; 
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spruce-fir  component  and  as  an  intermediate  sampling  stage  for  estimating 
levels  of  tree  mortality  (Ciesla  and  others  1986). 

Forest  declines  have  been  recently  been  reported  on  commercially  important 
tree  species  in  central  Europe  (Schutt  and  Cowling  1985),  and  CIR  aerial 
photography  has  been  used  to  inventory  the  status  of  these  declines  in  West 
Germany  and  other  western  European  nations  (Hildebrandt  and  Kadro  1984).  An 
approach  used  in  the  European  inventories  is  to  classify  the  full  range  of 
decline  symptoms  on  the  aerial  photos.  This  requires  that  photo  interpreters 
have  the  ability  to  identify  tree  species  and  classify  the  various  symptoms  of 
decline  consistently  and  reliably.  Workers  in  West  Germany  have  developed 
guides  to  aid  in  species  identification  and  decline  rating  on  large  scale  CIR 
aerial  photos  (Grundmann  1984;  Masumy  1984). 

Tree  species  identification  on  true  color  or  panchromatic  aerial  photos  in 
North  America  is  reviewed  by  Heller  and  others  (1964);  Parry  and  others 
(1969);  and  Sayn-Wittgenstein  (1978).  Other  than  broad  recognition  of  species 
groups  (i.e.,  conifers  versus  hardwoods)  only  a limited  amount  of  information 
is  available  on  tree  species  identification  in  North  America  on  CIR  film. 
Ciesla  (1984)  prepared  general  guidelines  for  identification  of  conifers 
indigenous  to  the  northeastern  United  States  on  CIR  film  in  support  of  an 
inventory  of  decline  and  mortality  in  red  spruce  and  balsam  fir,  Abies 
balsamea,  in  New  Hampshire,  New  York,  and  Vermont  (Weiss  and  others  1985). 
These  guides  were  based  on  the  same  characteristics  of  crown  shape,  apex, 
margin,  and  foliage  texture  used  for  species  identification  with  panchromatic 
or  color  aerial  photos. 

Recently  one  of  the  authors  (E.T.  Wilson)  observed  distinct  color 
differences  between  red  spruce  and  Fraser  fir,  A^.  f raseri , when  interpreting 
CIR  photos  taken  in  the  southern  Appalachian  Mountains.  Red  spruce  tended  to 
appear  in  hues  of  red  brown  or  red  violet,  whereas  Fraser  fir  was  typically  a 
dark  red  hue.  In  West  Germany,  similar  color  differences  plus  textural 
characteristics  of  the  foliage  are  routinely  used  to  separate  Norway  spruce, 
P_.  abies , from  silver  fir,  A.  alba,  on  large  scale  CIR  aerial  photos 
(Grundmann  1984). 

This  paper  reports  results  of  an  evaluation  to  determine  if  red  spruce  and 
Fraser  fir  could  be  reliability  separated  on  large  scale  CIR  photos  using 
characteristics  of  crown  form,  foliage  texture,  and  color.  The  evaluation 
also  provided  an  opportunity  to  determine  if  certain  decline  symptoms  could 
also  be  detected  and  classified. 


METHODS 


The  evaluation  was  designed  to  compare  effects  of  photo  interpreter,  scale, 
crown  closure,  and  IR  balance  on  the  abiity  to  distinguish  between  red  spruce 
and  Fraser  fir. 
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EVALUATION  SITE 


The  evaluation  site  is  located  on  Roan  Mountain  in  Mitchell  County,  North 
Carolina,  and  Carter  County,  Tennessee.  Roan  Mountain  consists  of  a pair  of 
peaks  on  the  dividing  ridge  which  separates  North  Carolina  and  Tennessee.  The 
two  peaks,  Roan  High  Bluff  and  Roan  High  Knob,  reach  elevations  of  6,267  and 
6,285  feet,  respectively.  Most  of  the  site  is  on  National  Forest  land;  the 
North  Carolina  portion  is  part  of  the  Pisgah  National  Forest  and  the  Tennessee 
portion  is  part  of  the  Cherokee  National  Forest. 

Roan  Mountain  is  one  of  six  major  areas  of  native  red  spruce-Fraser  fir 
forest  in  the  southern  Appalachian  Mountains.  There  are  approximately  1,537 
acres  of  spruce-fir  type  in  this  area,  extending  from  a lower  elevational 
limit  of  approximately  5,000  feet  to  the  summits  of  the  two  peaks.  The 
spruce-fir  forest  is  interspersed  by  a series  of  grassy  areas  locally  known  as 
balds  and  extensive  "gardens"  of  Catawba  rhododendron,  Rhododendron 
catawbiense,  Michx.  Associated  hardwoods  include  yellow  birch,  Betula 
alleghaniensis,  Britton,  and  American  mountain  ash,  Sorbus  americana,  Marsh. 
A mixed  northern  hardwood  forest  occupies  the  slopes  at  elevations  below  the 
lower  elevational  limits  of  the  spruce-fir  type. 

The  balsam  woolly  adelgid,  Adelges  piceae,  Ratzburg,  a stem  and  branch 
infesting  adelgid  of  true  firs  introduced  into  North  America  from  Europe,  was 
discovered  on  Roan  Mountain  in  1962  (Ciesla  and  Buchanan  1962).  This  insect 
has  caused  extensive  mortality  of  the  Fraser  fir  component  of  most  of  the 
spruce-fir  forests  in  the  southern  Appalachian  Mountains,  including  Roan 
Mountain,  since  the  late  1950's. 

AERIAL  PHOTOGRAPHY 

Existing  CIR  transparencies  of  Roan  Mountain,  originally  acquired  to 
document  the  progression  of  tree  mortality  caused  by  balsam  woolly  adelgid  and 
photography  acquired  specifically  for  this  project  was  used  in  this 
evaluation.  All  photography  was  taken  by  the  USDA  Forest  Service,  Southern 
Region,  Forest  Pest  Management  Field  Office,  Doraville,  Georgia.  A Wild 
RC-10l/  9X9  inch  aerial  camera  equipped  with  a 6-inch  focal  length  lens  was 
used  for  all  photo  missions. 

Photography  was  acquired  from  April  1982  through  September  1985  and 
included  three  photo  scales;  1:2000,  1:4000,  and  1:8000.  Two  sets  of  1:4000 
scale  photos  were  available,  one  with  a normal  IR  balance,  and  one  with  an 
enhanced  IR  balance  giving  the  film  an  excessive  red  color.  The  IR  balance  of 
the  1:2000  and  1:8000  photos  was  also  excessively  red. 

PHOTO  INTERPRETATION 

Sample  trees  were  selected,  marked,  and  numbered  on  each  set  of  photos. 
Trees  in  two  stand  conditions  were  included.  These  were  open  stands  where  the 
crown  closure  was  less  than  75  percent  and  the  crown  margin  of  each  tree  was 


2/Mention  of  commercial  names  is  for  convenience  only  and  does  not  imply 
endorsement  by  USDA  Forest  Service. 
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clearly  visible,  and  closed  stands,  where  crown  closure  was  equal  to  or  in 
excess  of  75  percent  and  all  or  a portion  of  the  crown  margin  of  sample  trees 
was  obscured  by  neighboring  trees.  Only  trees  which  could  be  readily  located 
on  the  ground  were  selected  for  classification. 

Two  experienced  photo  interpreters,  familiar  with  the  target  site, 
independently  examined  each  tree  in  stereo  and  classified  it  as  a spruce  or 
fir.  Characteristics  used  to  separate  spruce  from  fir  included  foliage  color, 
texture,  crown  shape,  apex  and  margin.  Descriptions  provided  by  Parry  and 
others  (1969),  and  Sayn-Wit tgenstein  (1978)  for  red  spruce,  white  spruce,  P_. 
glauca  and  balsam  fir,  coupled  with  preliminary  observations  by  the  photo 
interpreters  were  used  to  develop  classification  standards  (Figure  1,  Table 
1).  Since  foliage  color  of  individual  trees  is  influenced  by  film  exposure, 
IR  balance,  vignetting,  and  sun  angle  in  addition  to  species,  only  relative 
color  differences  were  used  to  aid  in  species  classification.  Standard 
Munsell  color  chips  were  used  for  descriptive  purposes  only  and  not  in  the 
actual  classification  procedure  (Anon  1976).  A total  of  409  trees  were 
classified  on  the  aerial  photos  (Table  2). 

During  the  tree  species  identification  procedure,  sample  trees  with  sparse 
foliage  and  bare  branches  were  noted.  Following  completion  of  the  photo 
interpretation  for  species  identification,  one  photo  interpreter  classified 
all  sample  trees  on  the  1:2000  scale  photos  into  two  tree  condition  classes: 

Healthy  - More  than  90  percent  of  the  crown  area  with  apparently 
healthy  foliage. 

Declining  - 10  percent  or  more  of  the  crown  area  with  foliage  missing, 
and  bare  branches  distinctly  visible. 


GROUND  DATA 

An  attempt  was  made  to  locate  all  of  the  trees  classified  on  the  aerial 
photos  on  the  ground  during  May  1986  and  record  the  species.  Tree  condition 
class  was  also  recorded  for  trees  classified  on  the  1:2000  scale  photos.  A 
total  of  228  trees  (64  red  spruce,  164  Fraser  fir)  or  56  percent  of  the  trees 
classified  on  the  photos  were  located  and  classified  on  the  ground  (Table  2). 

DATA  ANALYSIS 

For  the  tree  species  identification,  aerial  photo  and  corresponding  ground 
data  for  each  combination  of  photo  scale,  photo  interpreter,  IR  balance,  and 
c^rown  closure  was  summarized  in  2X2  error  matrices.  The  measure  of  agreement 
K and  its  variance  was  computed  for  each  error  matrix  using  procedures 
described  by  Bishop  et  al.  (1975).  Differences  between  $ values  for  various 
combinations  of  photo  scale,  IR  balance,  and  crown  closure  were  tested  by 
using  the  discrete  multivariate  analysis  procedures  developed  for  error 
matrices  described  by  Congalton  et  al . (1983). 

Tree  species  and  condition  class  data  from  the  1:2000  scale  photos  was 
summarized  into  a 4X4  error  matrix  and  a test  was  conducted  to  determine  if 
differences  in  agreement  occurred  between  open  and  closed  stands. 


6 


Figure  1 - General  appearance  of  red  spruce  and  Fraser  fir  on  large  scale  CIR 
aerial  photos:  A.  Red  spruce;  B.  Fraser  fir. 


Table  1 * Summary  of  foliar  and  crown  characteristics  used  to  distinguish  red 
spruce  from  Fraser  fir  on  large  scale  color-IR  aerial  photos,  Roan 
Mountain,  North  Carolina  and  Tennessee. 

Characteristic 

: Red  Spruce 

Fraser  Fir 

Foliage  Color 

Dark  red  brown  or  red  violet. 

Dark  red. 

Foliage  Texture 

Coarse,  branches  distinctly 
visible,  radiating  from  main- 
stem  in  a starlike  pattern. 

Fine  and  compact, 
branches  usually  not 
distinctly  visible. 

Crown  Shape 

Broadly  conical. 

Narrowly  conical. 

Crown  Apex 

Obtuse,  crown  tip  not  distinct. 

Acute  or  acuminate,  crown 
tip  distinct,  often  high- 
lighted by  a white  or 
silvery  hue. 

Crown  Margin 

Lobed  to  deeply  serrate. 

Finely  serrate. 
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Table  2 - Number 
on  the 
North 

of  red 
ground 
Carolina 

spruce  and  Fraser  fir  classified  on  aerial 
by  photo  scale  and  stand  condition,  Roan 
and  Tennessee. 

photos  and 
Mountain, 

Number 

of 

Trees 

Classified 

Scale  : Number  of 

: Stand 

: 

Frames 

: Condition 

Aerial 

Photos 

: 

Ground 

1:2000 

3 

Open 

69 

50 

Closed 

36 

30 

1:4000 

4 

Open 

77 

43 

(IR  normal) 

Closed 

27 

7 

1:4000 

3 

Open 

81 

47 

(IR  enhanced) 

Closed 

15 

9 

1:8000 

4 

Open 

71 

21 

Closed 

33 

21 

All  Scales 

14 

Open 

298 

161 

Closed 

111 

67 

Total 

409 

228 

RESULTS 


QUALITY  OF  AERIAL  PHOTOS 

Overall  photo  quality  was  less  than  optimum.  Three  of  the  four  sets  of 
photos  had  an  enhanced  IR  balance.  This  caused  an  intensification  of  the  red 
tones  and  reduced  subtle  contrasts  between  the  red  hues  normally  used  to 
identify  vegetation  types  on  CIR  film.  The  one  set  of  photos  with  a normal  IR 
balance  was  slightly  underexposed,  had  long  shadows,  and  the  hardwoods  were  in 
a leaf-off  condition.  These  were  taken  at  a time  of  year  when  aerial  photos 
would  not  normally  be  acquired  for  forest  damage  assessment  (Table  3). 

CHARACTERISTICS  OF  RED  SPRUCE  AND  FRASER  FIR  ON  CIR  PHOTOS 

FOLIAGE  COLOR  - Slight  differences  in  foliage  color  between  red  spruce  and 
Fraser  fir  were  noted  by  the  photo  interpreters,  thus  confirming  the  earlier 
observations.  These  proved  helpful  in  separating  the  two  species.  Under 
conditions  of  optimum  exposure,  red  spruce  tends  to  have  a distinct  red-brown 
hue  and  Fraser  fir  more  of  a dark  red  hue  similar  to  that  reported  for  Norway 
spruce  and  silver  fir  in  West  Germany  (Grundmann  1984).  These  color  contrasts 
are  less  distinct  on  CIR  photos  with  an  enhanced  IR  balance  (Table  4). 

Tree  age  and  size  also  tends  to  influence  foliage  color.  Pure  stands  of 
young  sapling  size  Fraser  fir  had  a more  intense  chroma  than  did  their  larger, 
older  counterparts.  An  insufficient  number  of  sapling  size  red  spruce  were 
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Table  3 - 

Characteristics  of  CIR  photos  used  to  identify  red  spruce  and  Fraser 
fir,  Roan  Mountain,  North  Carolina  and  Tennessee. 

Targeted 

: Actual 

: Date  of 

: IR  : 

Condition  of 

Photo  Scale  : Photo  Scale 

: Photography 

: Balance  : 

Hardwood  Foliage 

1:2000 

1:2779 

28  Sep  85 

Enhanced 

Leaf  on  - early  fall 
coloring 

1:4000 

1:4830 

28  Sep  85 

Enhanced 

Leaf  on  - early  fall 
coloring 

1:4000 

1:4652 

1 Apr  82 

Normal 

Leaf  off 

1:8000 

1:8640 

Jul  84 

Slightly 

Enhanced 

Leaf  on 

Table  4 - Munsell  color  descriptions  for  red  spruce  and  Fraser  fir  on  CIR 
aerial  film,  Roan  Mountain,  North  Carolina  and  Tennessee!./. 


Species 

IR  Normal 

IR  Enhanced 

: Value 

: Hue  : 

Chroma  : 

V alue 

: Hue  : 

Chroma 

Red  Spruce 

5R 

3 

4 

5R 

4 

6,8 

Fraser  Fir 

5R 

4 

8 

5R 

4 

10,12 

y Color  descriptions 
portions  of  photos. 

are  for  large 

open  grown 

trees 

on  optimally 

exposed 

observed  to 

enable 

us  to  determine 

if  this 

species 

has  a similar  color 

pattern.  Grundmann  (1984)  reports  that  in  West  Germany,  young,  sapling  size 
Norway  spruce  are  a brighter,  lighter  red  color  than  their  older  counterparts. 

FOLIAGE  AND  BRANCH  TEXTURE  - Red  spruce  has  distinct  branches  radiating 
from  the  mainstem  in  a starlike  pattern  regardless  of  tree  age  or  size. 
Foliage  and  branch  texture  of  Fraser  fir,  on  the  other  hand,  tends  to  change 
slightly  with  tree  size,  age,  and  exposure  to  severe  weather.  Young  trees 
typically  have  the  same  smooth  textured  foliage  and  indistinct  branches 
reported  in  the  literature  for  balsam  fir  (Parry  and  others  1969;  Sayn- 
Wittgenstein  1978).  As  trees  get  older  and  larger  they  develop  a branch 
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texture  which  looks  much  like  an  inverted  pine  cone  and  makes  them  less  easily 
separable  from  red  spruce. 

CROWN  FORM  - Fraser  fir  has  essentially  the  same  overall  crown  form  as  does 
balsam  fir;  an  acute  or  acuminate  crown  apex  with  a distinct  crown  tip  (Parry 
and  others  1969;  Sayn-Wittgenstein  1978).  Again,  this  characteristic  is  more 
visible  on  smaller,  younger  trees.  The  crown  tip  is  also  frequently 
highlighted  by  a white  or  silvery  patch.  In  red  spruce  the  crown  apex  is  more 
obtuse  and  the  crown  tip  is  not  as  distinct. 

ABILITY  TO  SEPARATE  RED  SPRUCE  FROM  FRASER  FIR 

PHOTO  INTERPRETERS  - Photo  interpreters  were  remarkably  consistent  in  their 
classification.  Photo  interpreter  1 had  an  overall  classification  accuracy  of 
71.5  percent;  and  photo  interpreter  2 had  an  overall  classification  accuracy 
of  72.8  percent;  a net  difference  of  three  trees.  Classification  accuracy 
decreased  slightly  with  a corresponding  decrease  in  scale  (Table  5). 

Statistical  comparison  of  photo  interpreters  classification  accuracy  for 
each  combination  of  photo  scale,  IR  balance,  and  crown  closure  showed  no 
significant  differences  (Table  6).  Therefore  data  for  both  photo  interpreters 
was  combined  and  treated  as  independent  observations  in  all  subsequent  tests 
(Table  7).  Five  of  the  eight  resultant  error  matrices  had  correct 
classifications  significantly  greater  than  what  could  be  expected  by  pure 
chance  (>50%  p = <.10)  (Table  8). 

CROWN  CLOSURE  - Comparison  of  the  ability  to  separate  the  two  species  by 
crown  closure  class  indicated  that  there  was  essentially  no  difference.  A 
significant  difference  did  occur  in  the  crown  closure  classes  for  the  1:4000 
IR  enhanced  photo  scale  (Table  9).  The  significance  of  this  difference, 
however,  is  questionable  due  to  the  relatively  small  number  of  trees  (N=18)  in 
the  closed  crown  condition  class  (Table  7). 

PHOTO  SCALE  AND  IR  BALANCE  - There  was  no  significant  difference  in  ability 
to  separate  red  spruce  from  Fraser  fir  for  the  photo  scale  used  in  this 
evaluation.  In  addition,  at  a scale  of  1:4000,  IR  balance  had  no  significant 
effect  on  ability  to  classify  these  species  (Table  10). 

DAMAGE  RATING 

SYMPTOMS  - The  predominant  type  of  damage  observed  on  living  trees  on  the 
aerial  photos  was  areas  of  grey  discoloration  in  the  interior  of  the  crown. 
This  was  suggestive  of  a loss  of  older  foliage  and  branch  dieback. 

Ground  observations  confirmed  that  individual  trees  did  have  less  than  the 
normal  compliment  of  older  foliage.  On  Roan  Mountain,  vigorous,  apparently 
healthy  red  spruce  and  Fraser  fir  normally  retain  five  to  six  years  of 
foliage.  Trees  with  a "decline"  syndrome  only  retain  two  to  three  years  of 
foliage  giving  the  crown  an  open,  tufted  apprearance. 
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Table  5 - Error  matrices  for  classification  of  red  spruce  and  Fraser  fir  on  large  scale  color-IR  aerial  photos  by  scale 
balance,  crown  closure  class  and  photo  Interpreter,  Roan  Mountain,  North  Carolina  and  Tennessee. 
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Overall  X correct  163/228  - 71.5  166/228 


Table  6 - Summary  of  tests  comparing  ability  of  two  photo  interpreters  to 
identify  red  spruce  and  Fraser  fir  on  various  combinations  of  photo 
scale,  IR  balance,  and  crown  closure,  Roan  Mountain,  North  Carolina 
and  Tennessee. 


Photo 

Scale 

Crown 

Closure 

Class 

Photo  Interpreter 

PI  1 : PI 

2 

Z 

Statistic 

Significance 

Level 

s\  : 
K : 

A 

Var  (K) 

/\  : 

K : 

/A 

Var  (K) 

1:2000 

Open 

.595 

.015 

.522 

.016 

.416 

.677 

ns  L! 

Closed 

.173 

.086 

.323 

.044 

.416 

.678 

NS 

1:4000 

Open 

.299 

.029 

.238 

.032 

.248 

.804 

NS 

(IR  Normal) 

Closed 

.000 

.571 

.000 

.571 

.000 

.999 

NS 

1:4000 

Open 

.285 

.021 

.448 

.018 

.821 

.412 

NS 

(IR  Enhanced)  Closed 

.727 

.064 

1.000 

.000 

1.080 

.280 

NS 

1:8000 

Open 

.290 

.051 

.222 

.051 

.212 

.832 

NS 

Closed 

.444 

.045 

.444 

.045 

.000 

.999 

NS 

-L^NS  - Not  Significant 

at  p < 

.10 

S - Significant 

at  p < 

.10 
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Table  7 - Error  matrices  for  classification  of  red  spruce  and  Fraser  fir  on 
large  scale  CIR  photos  by  scale,  IR  balance,  and  crown  color,  for 
combined  photo  interpreters,  Roan  Mountain,  North  Carolina  and 
Tennessee. 


: Ground  Data 

Aerial 

Photo  Classification 

Scale  : Crown  Closure 

: Class 

Species 

Spruce 

: Fir 

Total  : 

1 Correct 

1:2000  Open 

Spruce 

24 

6 

30 

80.0 

Fir 

14 

56 

70 

80.0 

Total 

38 

62 

100 

80.0 

Closed 

Spruce 

4 

12 

16 

25.0 

Fir 

2 

42 

44 

95.5 

Total 

6 

54 

60 

76.7 

1:4000  Open 

Spruce 

17 

3 

20 

85.0 

(IR  normal) 

Fir 

30 

36 

66 

54.5 

Total 

47 

39 

86 

61 .6 

Closed 

Spruce 

0 

0 

0 

_ — 

Fir 

7 

7 

14 

50.0 

Total 

7 

7 

14 

50.0 

1:4000  Open 

Spruce 

21 

11 

32 

65.6 

(IR  enhanced) 

Fir 

17 

45 

62 

72.6 

Total 

38 

56 

94 

70.2 

Closed 

Spruce 

5 

1 

6 

83.3 

Fir 

0 

12 

12 

100.0 

Total 

5 

13 

18 

94.4 

1 : 8000  Open 

Spru,ce 

7 

5 

12 

58.3 

(IR  enhanced) 

Fir 

9 

21 

30 

70.0 

Total 

16 

26 

42 

66.7 

Closed 

Spruce 

8 

4 

12 

66.7 

Fir 

6 

24 

30 

80.0 

Total 

14 

28 

42 

76.2 

Overall  % correct 

326/456 

= 72.1 
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A 

Table  8 - K values  of  combined  photo  interpreters  for  red  spruce  and  Fraser 
Fraser  fir  classification  on  various  combinations  of  scale,  IR 
balance,  and  crown  closure,  Roan  Mountain,  North  Carolina  and 
Tennessee . 


Photo 

Scale 

: Crown  : 

: Closure  : 

A 

K 

: V ar  (?) 

: Significance 

: LevelL/ 

: Class  : 

1:2000 

Open 

Closed 

.558 

.225 

.008 

.028 

.000  S 
.129  NS 

1:4000 

IR  Normal 

Open 

Closed 

.269 

.000 

.015 

.286 

.030  S 
.999  NS 

1:4000 

IR  Enhanced 

Open 

Closed 

.365 

.870 

.010 

.016 

.080  S 
.000  S 

1:8000 

Open 

Closed 

.257 

.444 

.025 

.022 

.106  NS 
.003  S 

i/NS  - Not  Significant  at  P < . 
S - Significant  at  P < . 

10 

10 

Table  9 - Summary  of  tests  comparing  ability  to  identify  red  spruce  and  Fraser 
fir  on  CIR  photos  by  crown  closure  class  on  various  combinations  of 
scale  and  IR  balance,  Roan  Mountain,  North  Carolina  and  Tennessee. 

Photo 

Crown  Closure  Class 

Scale 

Open 

Closed 

Z 

Significance 

Level!./ 

A " A 

K : Var  (K) 

* A * A 

: K : Var  (K) 

Statistic 

1:2000 

.558  .008 

.255  .028 

1.60 

•Ill  NS 

1:4000 
(IR  Normal) 

.269  .015 

.000  .286 

0.49 

.624  NS 

1:4000 

(IR  Enhanced) 

.365  .010 

.870  .016 

3.14 

.002  S 

1:8000 

.258  .025 

.444  .022 

0.87 

.392  NS 

i/NS  - Not  Significant  at  p < 0.10 
S - Significant  at  p < 0.10 
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Table  10  - Summary  of  tests  comparing  ability  to  classify  red  spruce  and 
Fraser  fir  by  various  combinations  of  photo  scale  and  IR  balance 
Roan  Mountain,  North  Carolina  and  Tennessee. 


^ Test  ^ 

K vs  K 

1 2 

s\ 

K 

1 

Var  (K) 

K 

2 

Var  (K  ) 

2 

Z 

Statistic 

Significance 

LevelJ_/ 

1:2000  vs  1:4000 

.475 

.006 

.440 

.008 

.291 

.771  NS 

(IR  Enhanced) 

1:2000  vs  1:8000 

.475 

.006 

.349 

.012 

.938 

.348  NS 

1:4000  vs  1:8000 

.440 

.008 

.349 

.012 

.651 

.515  NS 

(IR  Enhanced) 

1:4000  vs  1:4000 

.440 

.008 

.237 

.015 

1.350 

.177  NS 

(Enhanced)  (Normal) 


1/NS  - Not  Significant  at  p<  .10 
S - Significant  at  p < .10 


Fraser  fir  displayed  this  symptom  most  frequently.  Foliage  loss  was 
usually  accompanied  by  branch  dieback  and  branchlets  being  turned  downward  at 
the  ends  (Figure  2).  These  types  of  damage  are  associated  with  twig  and 
branch  infestations  of  balsam  woolly  adelgid  (Balch  1952).  This  insect  is 
known  to  be  generally  distributed  throughout  the  Fraser  fir  on  Roan  Mountain. 

Red  spruce  occassionally  also  displayed  a loss  of  older  foliage.  Trees 
which  displayed  this  symptom  were  primarily  large,  overmature  trees  growing  on 
steep  rocky  slopes  exposed  to  high  winds.  Some  trees  also  had  top  kill,  the 
cause  of  which  is  presently  unknown  (Figure  3). 

ABILITY  TO  CLASSIFY  DAMAGE  - Ability  of  a single  photo  interpreter  to 
classify  red  spruce  and  Fraser  fir  into  two  damage  classes;  healthy  and 
declining,  on  1:2000  scale  CIR  photos  was  compared  for  the  two  crown  closure 
classes.  Classification  accuracy  was  62  percent  (K=.416)  for  open  stands  and 
56.7  percent  (K=.260)  for  closed  stands  (Table  11).  These  differences  were 
not  significant  at  the  0.10  level  when  compared  statistically  (Z=.831, 
significance  level  = .404). 
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Figure  2 - Healthy  and  "declining"  Fraser  fir:  A.  Young  vigorous  tree  (1)  contrasted  with  trees 
classified  as  "declining"  (2).  Note  tufted  branches  caused  by  loss  of  older  foliage. 
B.  Fraser  fir  in  final  stages  of  decline  due  to  infestation  of  balsam  woolly  adelgid 
(1).  Note  how  ends  of  branches  are  turned  downward.  A young  vigorous  fir  occurs  in 
the  background  (2) . 
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Figure  3 - A.  An  apparently  healthy,  vigorous  red  spruce.  B.  Large,  overmature  red  spruce  with 
tufted  foliage,  an  open  crown,  and  top  kill.  This  tree  was  growing  on  a steep,  rocky 
slope  exposed  to  high  winds. 
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DISCUSSION  AND  CONCLUSIONS 


Differences  in  foliage  color,  crown  form,  and  foliage  and  branch  texture  on 
large  scale  CIR  aerial  photos  of  red  spruce  and  Fraser  fir  in  the  southern 
Appalachian  Mountains  were  not  as  distinct  as  those  reported  for  similar 
species  in  West  Germany.  However,  the  photo  interpretation  standards  used  in 
this  evaluation  permitted  two  experienced  photo  interpreters  to  identify  the 
two  species  correctly  in  about  three  out  of  four  cases.  Classification 
accuracies  varied  slightly  by  crown  closure  class,  photo  scale,  and  IR 
balance;  however,  under  conditions  of  this  evaluation,  these  variations  were 
not  statistically  significant. 

Similarly,  at  a photo  scale  of  1:2000,  red  spruce  and  Fraser  fir  could  be 
classified  into  two  broad  damage  classes;  healthy  and  declining,  with  about  60 
percent  accuracy.  It  is  not  practical  to  consistently  achieve  this  large  a 
scale  of  aerial  photography  with  a conventional  mapping  camera  over  large 
areas  however,  because  the  film  cannot  consistently  recycle  in  sufficient  time 
to  acquire  the  60-70  percent  overlap  required  for  stereo  viewing.  Therefore, 
future  work  on  species  identification  and  damage  classification  should  be 
focused  on  photo  scales  of  1:4000  - 1:8000. 

The  major  factor  which  introduced  error  into  the  tree  species 
classification  was  the  appearance  of  a more  distinct  branching  pattern  on  the 
large,  dominant,  Fraser  fir.  These  were  frequently  misclassif ied  as  red 
spruce.  In  addition,  the  abundance  of  damage  symptoms  associated  with  twig 
and  branch  infestations  of  the  balsam  woolly  adelgid  on  Fraser  fir  was 
unexpected.  This  also  resulted  in  the  misclassif ication  of  many  Fraser  fir  as 
red  spruce.  Historically,  stem  or  bole  infestations  of  this  insect,  which 
cause  a rapid  death  of  the  host  tree,  have  been  the  characteristic  form  of 
attack  in  the  southern  Appalachian  Mountains.  Presently  the  twig  or  branch 
form  of  attack  appears  to  be  equally  prevalent  on  Roan  Mountain. 

Ideally,  classification  accuracies  for  both  tree  species  and  damage  classes 
should  be  about  90  percent.  By  using  the  additional  data  acquired  from  this 
evaluation  to  redefine  photo  interpretation  standards  and  exposing  CIR  film 
with  a normal  IR  balance,  it  may  be  possible  to  achieve  that  level  of 
classification  accuracy  in  the  future.  Additional  work  is  planned  to  refine 
and  further  evaluate  these  procedures. 
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